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FROM urban dwellers who google weather forecasts, air quality updates, and information 
on earthquakes, to rural habitants who 
require information about monsoons, 
ocean state forecasts, alerts for 
tsunamis and extreme weather, from 
researchers who seek a once-in-a-
lifetime opportunity of exploring 
Antarctic and Arctic to those who aspire 
to implement innovative solutions for 
societal benefit, the Ministry of Earth 
Sciences (MoES) touches the everyday 
lives of crores of Indians. 
MoES came into being in 2006, it is 
the youngest of all scientific ministries 
in India. MoES, known earlier as the 
Department of Ocean Development 
(DOD; 1981-2005), was granted the 
mandate of providing services for 
weather, climate, ocean and coastal 
state, hydrology, seismology, and 
natural hazards; sustainable exploration 
and harnessing of marine resources; 
and exploring the three poles of 
the Earth (the Arctic, Antarctic and 
Himalayas). In a relatively short span 
of four decades, the contributions from 
MoES (and erstwhile DOD) to India’s 
bright and better future are many, 
unique, and significant. 
Weather, Climate & Ocean 
Forecasts – Among the Best in 
the World 
MoES has tremendously improved 
forecasts of monsoon, weather, 
Doppler Weather Radars at Mumbai and in Sonmarg, Jammu & Kashmir
climate, and ocean state in the country. 
Improvements in monsoon, weather, 
and climate forecasts have been 
possible as part of a targeted activity 
of the MoES called the National 
Monsoon Mission (NMM). Today, 
India is a world leader in monsoon, 
weather and climate prediction tools. 
Accurate prediction tools are necessary 
to address sectors such as agriculture, 
water, health, and energy vital to the 
economy. 
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Delhi, was released more than a week 
before the cyclone hit the Indian coast. 
An Integrated Flood Warning 
System is now available for Chennai 
and Mumbai. Forecasts on areas of 
inundation during the floods caused 
by high rainfall are also provided to 
state governments. Systems for flash 
flood guidance and air quality early 
warning are available in the country. 
These warning systems aid disaster 
management authorities to initiate 
timely action and reduce impending 
damage to life and property.
For ocean state forecasts, 
INDOFOS (INDian Ocean FOrecasting 
System) set up by MoES at the Indian 
National Centre for Ocean Information 
Services (INCOIS), Hyderabad, can 
predict height, direction and period 
of waves, sea surface currents and 
temperature, wind speed and direction, 
and astronomical tides and oil-spill 
trajectory in the Indian Ocean, well 
in advance with a lead time of 5 to 7 
days. This information is beneficial 
for maritime communities such as 
fisherfolk, Indian Navy, Indian Coast 
Guard, merchant and passenger shipping 
agencies, offshore oil and gas exploration 
industries, research organisations and 
coastal communities. For example, high 
tide forecasts help fisherfolk plan their 
trips and avoid impending dangers. 
The development of a Small 
Vessel Advisory Services System and 
India has a wide network of 
Doppler Weather Radars (DWRs) 
covering almost all major cities, metros, 
coastal areas, and ports. DWRs are 
highly specialised radars for weather 
monitoring that can provide real-time 
data on rainfall, wind, storm, etc. The 
Ministry is installing radars at various 
locations in the country including the 
Andaman and Nicobar Islands, metros 
(Delhi, Mumbai, Kolkata), central 
and NW Himalayas. Over the years, 
the MoES has also been using satellite 
data from both Indian and international 
institutions to improve weather 
prediction significantly.
A recent survey by the National 
Council of Applied and Economic 
Research (NCAER) found that an 
investment of nearly 1,000 crores 
in the Monsoon Mission (MM) and 
High-Performance Computing of 
MoES has yielded almost fifty-fold 
gains to farmers, livestock owners and 
fisherfolk in the country. Today, India 
has expertise in providing accurate 
monsoon forecasts for as long as three 
weeks in advance, that too at a seasonal 
time scale, covering almost the entire 
span of the country. 
In addition, the country is equipped 
to forecast extreme weather events such 
as cyclones with a lead time of up to 
10 days. For example, the forecast of 
cyclone YAAS in May 2021 by India 
Meteorological Department, New 
Swell Surge Forecast System is the 
latest feather in the cap of MoES ocean 
state forecast services. Additionally, 
special ocean state forecasts are 
supplied to neighbouring countries 
such as Comoros, Madagascar, 
Maldives, Mozambique, Seychelles 
and Sri Lanka.
By developing and implementing 
next-generation computer models 
and technologies such as artificial 
intelligence and machine learning, the 
MoES aims to equip India in predicting 
extreme weather events such as heavy 
rainfall, cyclones, floods, heatwaves, 
etc., in much advance, at various time 
scales and geographical spreads.
 
Ocean S&T Services 
India enjoys a unique opportunity 
to harness oceanic resources with 
a long coastline of ~7,200 km, 
a dedicated space in the Central 
Indian Ocean, and an extended 
exclusive economic zone of over 
2 million square kilometres. 
To best utilise this opportunity, 
MoES, with its institutes including 
the National Institute of Ocean 
Technology (NIOT) and the 
National Centre for Coastal 
Research (NCCR) in Chennai, 
has been working tirelessly to 
develop and implement reliable 
technologies for harnessing 
oceanic resources for the country. 
Forecasts of monsoon 2021 (left) and cyclone YAAS that occurred in May 2021 (right) were released by the India Meteorological 
Department (IMD) with a significant lead time on the latest modes of digital/social media
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NIOT has been conducting 
several societal and capacity building 
programmes, some in very niche areas 
of ocean technology, such as marine 
infrastructure. In collaboration with 
NCCR, NIOT has worked towards 
protecting shores from erosion and 
harnessing renewable energy from 
waves, tides, and offshore winds in 
the past decade. Several innovative 
and scientifically benefitting products 
have been developed or indigenised 
in these years, such as wave-energy 
powered navigational buoys and off-
grid turbines. Beaches at Pondicherry 
and Kadalur, Periyakuppam that 
were lost in the recent past have been 
restored because of the meticulous 
efforts of MoES along with the local 
governing bodies. MoES even supports 
other countries such as Vietnam to 
implement effective measures to restore 
lost beaches. 
NIOT and INCOIS have set 
up an Ocean Observation Network 
(OON) to facilitate real-time in-situ 
oceanographic data of the world’s 
oceans. At present, OON consists of a 
vast network of several high-end types 
of equipment such as buoys, moorings, 
drifters, ship-board automated weather 
stations, etc., along the Indian coast.
Amongst the most life-transforming 
technologies implemented by MoES 
is the low-temperature thermal 
desalination technology set up in 
Lakshadweep. The water plants convert 
salty seawater into potable water for 
islanders. As a result, incidents of 
water-borne illnesses have reduced in 
the Lakshadweep islands. It is pertinent 
to note that these water plants run 
entirely on renewable energy, hence, 
the water produced is cost-effective and 
sustainable. MoES is now working on 
setting up more such plants in other 
locations of India. 
In the last decade, MoES has 
implemented projects on open sea-cage 
culture and production of biodiesel 
from microalgae. These technologies 
have improved the livelihoods of coastal 
dwellers tremendously. Almost every 
day, about 7 lakh fisherfolk families 
receive advisories on the Potential 
Fishing Zone (PFZ), a flagship 
programme of MoES that directly 
benefits coastal communities. The PFZ 
advisories help them to locate areas 
of abundant fish in the ocean. PFZ 
advisories are disseminated through 
mobile apps, SMS alerts, social media, 
and helpline numbers. 
A Search and Rescue Aid Tool 
(SARAT) with a mobile app is in 
place to track lost objects and persons 
in the sea. Other useful mobile apps 
such as Damini to issue lighting alerts, 
Meghdoot to issue weather advisories 
to farmers, and the Mausam, Umang, 
and RAIN-ALARM apps for updates 
on weather are also available.
NIOT has begun work to develop a 
deep seabed crawler, remotely operated 
deep-water vehicle, in-situ soil tester, 
unmanned submersible, and deep-
ocean drill. Together, this equipment 
can help in mining nodules of high-
value metals from the seabed and locate 
hydrothermal sulphide sites in the 
southern Indian Ocean. 
Another very useful technology 
under development is a manned 
submersible that can transport up to 
three humans with equipment to a depth 
of up to six kilometres below the sea 
surface. Futuristic research projects 
on underwater acoustics are in the 
pipeline. Underwater acoustics is the 
study of sound waves travelling inside 
water. Such projects can help develop 
innovative underwater instruments and 
sensors for imaging, detecting, and 
characterising ambient noise in Indian 
waters. These would be particularly 
useful for sectors such as defence. 
MoES, through the National 
Centre for Coastal Research (NCCR), 
Chennai, works on unique aspects of 
coastal science such as monitoring water 
quality, marine litter and pollution, and 
diversity and health of coral reefs at 
the Gulf of Mannar. Data from these 
studies are vital for managing strategic 
areas of India’s blue economy, such 
as conserving coastal ecosystems and 
marine spatial planning.
In June 2021, the Cabinet approved 
the Deep Ocean Mission, a unique 
flagship programme of the MoES, 
making India a world leader in ocean 
science and technology. It will expand 
An open sea cage is nearly 9 metres wide moored to a suitable location in the sea (left). The cage is used to culture marine fish in a 
controlled yet natural sea environment (middle). Fishes are harvested when the desired size is attained (right) and sold in the open market.
Puducherry had almost no beach in 2016, although sea walls were present that protected 
the coastline (left). The beach was restored by the meticulous efforts of the MoES and 
growing in 2020 to nearly a kilometre (right).
54  |  Science Reporter  |  August 2021
the exploration and utilisation of deep-
sea resources even further for societally 
benefitting activities. The aim also 
is to make India self-reliant in ocean 
technology, create more jobs in this 
field, and enhance the capacity building 
of institutions working in this sector.
Research at the Earth’s Poles  
The National Centre for Polar and 
Ocean Research (NCPOR), Goa — an 
autonomous institute under the MoES, 
is the only organisation in India that 
provides opportunities to researchers 
for conducting field experiments at 
the Earth’s poles (the Arctic in the 
north and Antarctic in the south). 
The polar expeditions coordinated 
by MoES help execute specialised 
scientific projects at the Earth’s poles, 
which seems impossible elsewhere in 
the country. 
NCPOR administers the Indian 
Antarctic Programme and maintains 
three permanent Indian research 
stations in Antarctica (Dakshin 
Gangotri since 1984, Maitreyi since 
1989, and Bharati since 2012) making 
cutting-edge polar research possible. 
Notably, India is among the few 
countries to have multiple year-round 
research bases in Antarctica. So far, 
NCPOR has successfully concluded 
41 scientific expeditions to the 
southernmost continent. 
Moreover, India is also a 
consultative party to the Antarctic 
Treaty System, implying that it 
has the right to participate in the 
decision-making processes in the 
yearly Antarctic Treaty Consultative 
Meetings. India is also a member of 
many international bodies that govern 
Antarctic science and policy.
In the Arctic, India has held an 
Indian Arctic station called Himadri at 
Svalbard, Norway, since 2008. It has 
been a member of the International 
Arctic Science Committee since 2012 
and was granted an Observer status in 
the Arctic Council in 2013. NCPOR 
has deployed a moored observatory 
called IndARC since 2014 in the 
Kongsfjorden fjord, halfway between 
Norway and the North Pole, to monitor 
the upper ocean. The country has 
benefited by coordinating visits of 
nearly 200 scientists to the Arctic, 
which has yielded more than 100 
research publications on Arctic science. 
NCPOR has also initiated a 
programme to understand the complex 
behaviour of Himalayan glaciers. The 
Himalayan Cryosphere Programme 
operates through a research station called 
Himansh in the western Himalayas. 
The programme has monitored six 
Himalayan glaciers spread across 
230 square km in the Chandra basin. 
NCPOR has collaborated with several 
Indian universities and institutes 
under the Himalayan Cryospheric 
Observation and Modeling (HiCOM) 
programme to collect information on 
glacier melt, snowmelt, rainfall, etc. In 
the future, HiCOM would also monitor 
the thickness of glaciers and glacier 
lakes in India.
In the Southern Ocean, India has 
actively pursued research since 2004. It 
launched a multidisciplinary and multi-
institutional annual expedition from 
Mauritius to Prytz Bay in Antarctica 
to collect data on the upper Southern 
Ocean and atmosphere. This research 
has helped improve the understanding 
of factors affecting climate change and 
significantly increased India’s scientific 
publications in this area.
Low-temperature thermal desalination water plant set up in Lakshadweep islands by MoES 
converts seawater to potable water for islanders
Bharati in Antarctica (left), Himadri in the Arctic (middle), and Himansh in the Himalayas (right) are research stations set up by MoES to 
provide unique opportunities for scientific research at the Earth’s poles.
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Making India Tsunami-ready  
The great Indian tsunami of 2004 caused 
enormous damage to life and property 
in many south-east Asian countries, 
including India. Today, thanks to 
MoES, our country is equipped with 
a state-of-art tsunami early warning 
system that can issue a tsunami alert 
with a lead time of nearly ten minutes 
before a tsunami-genic earthquake 
occurs in the Indian ocean.  
The Indian Tsunami Early 
Warning Centre (ITEWC), set up by 
MoES at the Indian National Centre for 
Ocean Information Services (INCOIS), 
Hyderabad, is among the world’s 
best. ITEWC has provided timely 
tsunami advisories to stakeholders, 
including the public and disaster 
management authorities, for a decade 
now. Between 2014 and March 2021, 
ITEWC monitored 234 tsunami-
related earthquakes of magnitude ≥6.5 
and provided timely tsunami-related 
advisories and warnings. ITEWC 
is designated as a Tsunami Service 
Provider for the Indian Ocean region by 
the Intergovernmental Oceanographic 
Commission (IOC) of UNESCO and 
provides advisories to 25 Indian Ocean 
rim countries. Scientists from INCOIS 
are contributing members of the 
Intergovernmental Coordination Group 
for the Indian Ocean Tsunami Warning 
and Mitigation System towards 
improving global tsunami services. 
Although ITEWC is primarily 
focused on monitoring and warning 
tsunamis, it also plays a vital role 
in providing technical inputs and 
creating community awareness and 
preparedness. It conducts regular 
capacity building activities such as 
Tsunami Standard Operating Procedure 
workshops, training, and sensitisation 
modules for disaster management 
officers and hosts regional workshops 
and training for Indian Ocean member 
states. 
In 2020, two villages in Odisha 
(Venkatraipur in district Ganjam and 
Noliasahi in district Jagatsingpur) had 
implemented the INCOIS Tsunami 
Ready programme and become 
Tsunami Ready Communities. They 
were certified by IOC-UNESCO as 
Tsunami Ready. India has become the 
first country to implement the Tsunami 
Ready programme in the Indian Ocean 
Region with this recognition. INCOIS 
has also recently completed mapping 
of highly tsunami vulnerable coastal 
regions using 3D Global Information 
System (GIS) techniques and is now 
moving towards hosting a dedicated 
24X7 tsunami web portal.
Cutting-edge Research on 
Climate Change 
Climate change scientists utilise Earth 
System Models (ESMs) that integrate 
interactions among the Earth system 
components such as atmosphere, ocean, 
land, cryosphere and biosphere, and 
predict climate under a wide variety 
of conditions. ESMs are being used in 
recent times to understand the impact of 
human-induced perturbations (such as 
greenhouse gas and aerosol emissions, 
land use and land cover changes, etc.) 
on the global climate system. 
The MoES has developed an 
advanced ESM facility at the Indian 
Institute of Tropical Meteorology 
(IITM), Pune, called IITM-ESM. 
It has a global climate modelling 
framework that allows ultra-modern 
studies on climate change, including 
deriving climate projections for the 
future. Notably, IITM-ESM is the first 
climate model from South Asia that 
has contributed to the sixth assessment 
report of the Intergovernmental Panel 
on Climate Change. In the next five 
to seven years, MoES plans to set up 
a next-generation IITM-ESM. It would 
improve numerical modelling, climate 
change assessments, and prediction of 
monsoons manifold. 
Expanding Seismology Research 
The National Centre for Seismology 
(NCS) in New Delhi is equipped to 
collect real-time data and accurate 
information on earthquakes, such as 
their location and depth. The data is 
disseminated within a few minutes to 
the public and stakeholders through the 
The Indian Tsunami Early Warning Centre (ITEWC) set up by MoES at the Indian National Centre for Ocean Information Services 
(INCOIS), Hyderabad (left) and a buoy moored in the ocean for collecting data on tsunamigenic earthquakes (right)
Location of the 3 km deep borehole at Gothane, Karad (marked as a red dot on the map) in 
Maharashtra (left) and the drilling site of the BGRL near Koyna (right)
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exploratory project at IITM that 
examines which clouds can be used to 
enhance rainfall and how should they 
be seeded to make it rain in a drought-
prone area. Cloud seeding uses few 
(that is, two to four) cylindrical flares 
containing calcium chloride transported 
into the cloud using an aircraft. At the 
cloud base, the aircraft burns these 
flares within 6-8 minutes. The burning 
of flares releases Calcium chloride 
molecules inside the cloud, which settles 
on the water vapour molecules in the 
cloud, causing the clouds to downpour. 
The feasibility of using cloud seeding 
to enhance rainfall in tropical regions 
such as India was unknown until the 
recent past.
In Munnar, Kerala, the MoES 
maintains India’s highest cloud physics 
observatory at an altitude of 1820 
metres above sea level. The observatory 
is equipped to study cloud physics 
which would improve understanding of 
thunderstorms, lightning, and mountain 
weather in a big way. 
The Indian leadership has always 
maintained that science must be 
strongly inclined to service citizens. 
The father of our nation, Gandhi Ji, 
considered science without humanity 
a sin. Shri Jawahar Lal Nehru, first 
Prime Minister of India and a strong 
protagonist of scientific temper in the 
Indian society, advocated science for 
societal benefit. The current Prime 
Minister of India, Shri Narendra Modi, 
has insisted that science must meet 
the rising aspirations of Indians. The 
MoES, through its socially benefiting 
services and achievements, strives to 
live up to goals set by the visionary 
leadership of India for a bright and 
better future. 
latest digital communication modes, 
including social media. 
MoES has a network of 115 
stations across the country called the 
National Seismic Network to monitor 
earthquakes and provide valuable 
information about their distribution, 
type, and risk in various settings. A 
unique project of the NCS is the scientific 
deep drilling in Koyna, Maharashtra, 
to address specific questions around 
the physics of earthquakes. A deep 
borehole laboratory called Borehole 
Geophysics Laboratory (BGRL) set up 
in 2015 near Koyna,  is equipped with 
specialised equipment, nearly 4 km into 
the Earth’s interior to understand what 
makes Koyna a hub for seismological 
activity. Very few countries have 
such an elaborate facility to study 
earthquakes. 
Studies undertaken by MoES in 
BGRL have shown that earthquake 
activity in Koyna is modulated by the 
annual monsoon loading and post-
monsoon unloading cycles of the Sivaji 
Sagar reservoir. Although it was known 
that frequent earthquakes in Koyna 
began after the impoundment of the 
Sivaji Sagar reservoir in 1962 but what 
causes the earthquakes was unknown. 
In the coming years, scientific deep 
drilling will expand to up to 7 km 
below the Earth’s surface. This would 
facilitate detailed observations of 
changes in physical and mechanical 
properties of rocks at a depth where 
the energy that causes earthquakes 
is released. The knowledge gained 
from this project will help understand 
triggered earthquake activity in India 
and other parts of the world. 
An important offshoot of the 
BGRL project is the study of life under 
extreme conditions. Drilling through the 
deep Earth has provided an opportunity 
to discover microbial life that can 
withstand temperatures of nearly 80 
degrees Celsius. This interdisciplinary 
research aims to unravel subsurface 
microbial diversity and aids the global 
quest of understanding the limits of life, 
mechanisms of microbial interaction 
with the environment, their adaptation 
and their function in this planet and 
beyond.
Mitigating Water Scarcity  
Several areas in our country are battling 
drought or water scarcity. How useful 
would it be to make clouds pour in 
regions that are water tense? The Indian 
Institute of Tropical Meteorology 
(IITM) in Pune, an institute under 
MoES, has been working on a 
unique project called CAIPEEX that 
aims to enhance rainfall in drought-
prone regions by using an innovative 
technique called cloud seeding. 
CAIPEEX or Cloud Aerosol 
Interaction and Precipitation 
Enhancement Experiment, is a special 
The highest Cloud Physics Laboratory of India at Munnar, Kerala, set up by the National 
Centre for Earth Science Studies (NCESS), Thiruvananthapuram, an institute under MoES
A cloud raining after cloud seeding experiment as part of CAIPEEX IV and the aircraft used for seeding the cloud. The rainfall after cloud 
seeding was measured through a network of automatic rain gauges placed on the ground surface in Solapur, Maharashtra.
